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(54) Light curtain system with individual beam indicators and method of operation. 

(57) A light curtain system (10) includes a control 
circuit (13) having visible light indicators posi- 
tioned adjacent channels (18) of individual light 
beams established across a guard zone. The 
light beams are transmitted along a plurality of 
parallel channels between a transmitter bar (11) 
and receiver bar (12). The control circuit oper- 
ates to sense when one or more beams are 
blocked by the intrusion of an opaque object 
The circuit responds by operating visible light 
LEDs (72) which are positioned adjacent the 
channels of the blocked beams. The visible light 
provides continuous feedback to the machine 
operator as to the condition of the guard zone. 
The visible light indicators are also used to 
facilitate alignment of the transmitter and re- 
ceiver bars. 
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This invention relates in general to light curtain 
systems for detecting the movement or intrusion of 
objects into guarded zones. More particularly, the in- 
vention relates to light curtain systems which provide 
protection for human operators who are working with 
machines and other industrial equipment. 

Light curtains employing infrared beams are 
used to provide operator safety in a variety of indus- 
trial applications. Light curtains typically are em- 
ployed for operator protection around machinery 
such as punch presses, brakes, molding machines, 
automatic assembly equipment, coil winding machi- 
nery, robot operation, casting operations and the 
like. The prior art light curtains typically employ light 
emitting diodes (LEDs) mounted at spaced positions 
along a transmitter bar at one side of the guard zone 
and phototransistors (PTs) mounted along a receiver 
bar at the opposite side of the zone. The LEDs trans- 
mit modulated infrared light beams along separate 
parallel channels to the PTs at the receiver bar. If one 
or more beam is blocked by penetration by an opaque 
object, such the operator's arm. the control circuit 
either shuts the machine down, prevents the ma- 
chine from cycling or otherwise safeguards the area. 

The typical existing light curtain system incorpor- 
ates a control panel having a series of visible indicator 
lights. One of the lights is red for indicating that at 
least one of the beams is blocked so that the machine 
is prevented from cycling, and another light is green 
for indicating that no objects penetrate the guard 
area so that the machine can cycle. The control panel 
can also contain lights used for diagnostic purposes, 
such for indicating a power supply fault, for indicating 
receiver fault, for indicating transmitter fault or for in- 
dicating alignment. In the case where the machine cy- 
cling is interrupted by penetration of an opaque ob- 
ject, removal of the object causes the green indicator 
on the control panel to go on so that the operator can 
restart the cycle by pushing buttons or other controls 
provided outside the guard area. 

For purposes of safety it is important that a con- 
dition should not arise in which the control panel 
shows the green indicator when it should show red, 
which would be an unsafe state. However, there are 
many possible failures that can arise in the machine 
and control circuitry which can cause such an unsafe 
state. 

With the prior art light curtains the operator does 
not necessarily know what the real condition or prob- 
lem is when the red light is observed on the control 
panel. Because the operator cannot see the invisible 
infrared beams, the presence of the red light on the 
panel would not tell him whether it was red because 
a beam was broken or whether some circuit or align- 
ment problem caused it to go red. 

When light curtain equipment is installed, re- 
placed or re-aligned, a skilled technician is normally 
required to do the work. The alignment job is relative- 


ly difficult, especially where the transmitter and re- 
ceiver bars are provided with lenses to form narrow 
beam angles. Because there is no feedback from the 
individual beams to the technician, it is difficult to ad- 
5 just the transmitter and receiver bars until the single 
green light on the control panel comes on to indicate 
alignment. 

The prior art includes light curtain systems hav- 
ing control panels with lights or other indicators relat- 
10 ed to individual beams for use by the technician in di- 
agnosing and debugging problems, such as why the 
individual beam is not functioning. Such a system 
does not, however, provide feedback to the machine 
operator of the conditions in the guard area. 
15 Accordingly, it is a principal object of the present 

invention to provide an improved light curtain system 
and method of operation which gives the machine op- 
erator continuous visual feedback of conditions in the 
guard area. 

20 Another object is to provide a light curtain system 

and method of the type described which employs visi- 
ble light signals closely associated with the individual 
infrared beam channels so that the operator has in- 
stantaneous feedback as to whether the guard area 
25 is safe or unsafe for the machine to cycle. 

Another object is to provide a light curtain system 
and method of the type described in which individual 
light indicators are provided for each infrared beam to 
provide visual feedback on a continuously updated 
30 basis on conditions in the guard area. 

Another object is to provide a light curtain system 
and method of the type described which facilitates 
alignment of the infrared light beams and which also 
facilitates diagnosis of problems that may arise in the 
35 system. 

The invention in summary provides a light curtain 
system and method having a light transmitter which 
transmits light beams along parallel channels along a 
guard zone to a light receiver. Indicator lights are 
40 mounted closely adjacent the channels and control 
means is provided for operating the indicator lights to 
display visible light signals adjacent the beams in the 
channels which are broken. The visible indicator 
lights are in positions where the operator can observe 
45 them and receive continuous feedback of conditions 
in the guard area. 

The foregoing and additional objects and fea- 
tures of the invention will appear from the following 
specification in which the several embodiments have 
so been setforth in detail in conjunction with the accom- 
panying drawings. 

Fig. 1 is a fragmentary perspective view showing 
the light curtain system in accordance with one 
embodiment of the invention; 
55 Fig. 2 is a block diagram illustrating the major 

components of the electrical control system for 
the light curtain of Fig. 1; 

Fig. 3 is a schematic block diagram of the control 
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circuit for one segment of the light receivers 
which are incorporated in the control system of 
Fig. 2; 

Fig. 4 is a schematic block diagram of the control 
circuit for one segment of the visible light indica- 
tors employed in the control system of Figs. 2 and 

3; 

Fig. 5 is a side elevation view illustrating compo- 
nents of one segment of the receiver bar employ- 
ing the control circuits of Figs. 3 and 4. 
In the drawings Fig. 1 illustrates generally at 10 
components of a light curtain system incorporating 
one embodiment of the invention. The light curtain 
system includes a light transmitter 11 and light receiv- 
er 12 which are operated by the control system 13 
shown generally in the block diagram of Fig. 2. A con- 
trol box 14 houses certain of the control system com- 
ponents and is connected to the transmitter and re- 
ceiver through cables 15 and 16. 

Light transmitter 1 1 is comprised of a plurality of 
light sources, preferably LEDs, not shown, which emit 
modulated, invisible pulses of infrared light beams re- 
sponsive to the control circuit. The LEDs are mounted 
in spaced-apart relationship along a transmitter bar, 
also not shown, which is fitted within a housing 17. 
The spacing or pitch between the LEDs is predeter- 
mined and defines the space between the parallel 
channels 18 along which the beams are directed. The 
area encompassed by the beams defines the guard 
zone. The LEDs are focused by collimating lenses, 
not shown, into narrow angle beams to minimize the 
effects of light scattering. 

Light receiver 1 2 is comprised of a plurality of PTs 
19 which are mounted in spaced-apart relationship 
along a receiver bar 20 (Fig. 5). The receiver bar is fit- 
ted within a housing 22 which is located at the guard 
zone on a side opposite that of the receiver housing. 
Preferably the number of light receiving PTs is equal 
to the number of light transmitting LEDs, with each 
PT associated with the LED of a respective channel. 
At the work place the transmitter and receiver hous- 
ings are installed so that the PTs and LEDs are sub- 
stantially in optical alignment. Typically the transmit- 
ter and receiver housings are mounted upright in a 
vertical plane between the machine and operator, al- 
though other configurations could be employed, de- 
pending upon the requirements and conditions of a 
particular application. 

While the operation of the embodiments of this 
invention will be described by the use of infrared light, 
it is understood that other embodiments of the inven- 
tion contemplate the use of other radiant energy for 
the beams, for example near-infrared. It is also un- 
derstood that other embodiments contemplate that a 
plurality of the transmitter/receiver pairs may be com- 
bined in tandem to protect a relatively larger zone or 
area. 

Fig. 2 illustrates the major components of control 


circuit 1 3 in block diagram form. The control circuit In- 
cludes a power supply 24, logic circuit 26, relay oper- 
ate/check circuit 28, relay output circuit 30, transmit- 
ter circuit 32 which is connected to the logic circuit 

5 through an interface circuit 34, and receiver circuit 36 
which is connected to the logic circuit through ampli- 
fier/interface circuit 38. The lines 40 represent the 
paths of the light beams which project across the 
guard zone from the transmitter LEDs to the receiver 

10 PTs. Box 42 represents the relay mechanics which 
are actuated responsive to the control circuit to either 
shut the machine down, prevent it from cycling, or 
otherwise safeguard the ara to protect the operator 
from injury. 

is The principal circuit components and mode of op- 

eration for control circuit 13 are generally in accor- 
dance with the disclosure of U.S. patent 5,015,840 ti- 
tled Self-Checking Light Curtain System and Method 
of Operation which is assigned to Scientific Technol- 
20 ogies Incorporated, and which is incorporated herein 
by reference. Receiver circuit 36 of the present inven- 
tion is modified over the comparable circuit of that pa- 
tent in accordance with Figs. 3 and 4, as explained in 
more detail below. Logic circuit 26 of the present in- 
25 vention is also modified over the patent" s logic circuit 
in the manner explained below. 

Fig. 3 is a diagram of a circuit 43 for eight of the 
receiver PTs 19 which are mounted on the single cir- 
cuit card 44 incorporated in the receiver assembly 46 
30 shown in Fig. 5. The circuit 43 forms one segment of 
the overall receiver circuit 36. End connector sockets 
48 and 49 are provided on opposite ends of the card 
so that a plurality of the cards and assemblies can be 
concatenated together to form an extended receiver 
35 unit At the end of the unit a similar card and receiver 
assembly would be provided with only one connector 
socket The total number of receiver PTs in the extend- 
ed unit would depend upon the number of cards and 
receiver assemblies concatenated together for the 
40 particular application. 

Circuit 43 includes a shift register 50 having eight 
terminals 52, each of which is connected with the col- 
lector of a respective one of the eight PTs 19. Asingle 
amplifier circuit 54 is provided for each receiver card. 
45 In the circuit 54 the output terminal of an operational 
amplifier 56 is connected in parallel with resistors 58 
to the bases of the PTs. Terminal 60 of the operation- 
al amplifier is normally maintained at +2.5 volts. 
Feedback from the emitters of the PTs is directed to 
50 operational amplif ier terminal 62. 

Fig. 5 illustrates details of receiver assembly 46. 
A molded plastic support 64 is provided with sockets 
66 which are spaced apart center-to-center at the 
same pitch as that of the beam channels. Each socket 
55 contains one of the PTs 1 9, and a beam focusing lens 
68 is mounted on each socket above the respective 
PTto focus the incoming beam onto the PTs light col- 
lecting surface. Each socket is formed with an out- 
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wardly projecting tine 70, and each tine mounts a 
LED 72 which emits visible light when energized. 
Each LED is enclosed by a red-colored glass or plas- 
tic bulb to provide a colored indicator light signal. The 
LEDs are mounted in close association with the re- 
spective beam paths. As an example for a typical ap- 
plication using a 6.4 mm radius focusing lenses, the 
center-to-center spacing between each focusing lens 
and the LED bulb would be 8.9 mm. 

Receiver housing 22 is mounted around support 
structure 64 and the circuit card. As shown in Fig. 1 , 
an elongate window formed in the housing over the 
focusing lenses mounts a bezel 74. The bezel is 
formed of a suitable translucent material which pass- 
es both infrared and visible light A deep red color for 
the bezel material is suitable for this purpose. The 
red-colored bezel also passes the red light from the 
indicator lamps, which is the appropriate color for in- 
dicating an unsafe condition of the guard area. The 
red coloration of the bezel also serves to filter out in- 
terference from ambient light, sunlight, strobe, weld 
and other light sources. 

While the indicator lights and associated control 
circuit wi II be described as mounted on receiver 1 2 in 
association with the PTs, the invention also encom- 
passes mounting of the visible light indicators on 
transmitter 11 in association with the LEDs. 

Fig. 4 illustrates details of control circuit 76 for 
the indicator lights. The eight visible light-emitting 
LEDs 72 are connected through pull up resistors 78 
with power supply terminal 80, and are also connect- 
ed with respective terminals 82 of a shift register 84. 
The shift register is coupled through connector sock- 
ets 48 and 49 at opposite ends of the circuit card for 
connecting with the visible LED circuits, not shown, 
of the other circuit boards that are concatenated to- 
gether in the receiver. Circuit 76 can be adapted for 
use in the last card of the series by shorting the jum- 
per 86, which is in the line 88 providing the lamp data 
input signal into shift register 82. 

The lamp data input signal for shift register 82 
and the other visible light shift registers in the con- 
catenation is generated by logic circuit 26 of Fig. 1. 
The circuitry and mode of operation of logic circuit 26 
is generally in accordance with the disclosure of pa- 
tent 5,015,840, with the exception that the circuit is 
modified so that it shifts the data bits down to visible 
light shift registers 84 in predetermined timed rela- 
tionship with the timing of shift registers 50 for the 
PTs in the receivers. The databits are shifted at a suit- 
able clocked rate, such as 200us per channel. In con- 
trol circuit 70 the visible lamps 72 are lighted if their 
associated output from the shift register 84 is low. 
That output will be low only if the main logic circuit 26 
detects on a previous scan that the channel associ- 
ated with that lamp was blocked. The main logic 
board sends the lamp data to the f irst receiver board 
in the concatenation and in series to the remaining 


boards. The down shift of the lamp data bits is oppo- 
site in direction to the shifting of the data bits from 
the receivers PTs indicating the presence or absence 
of light beams in the channels. When the lamp data 
5 for a particular beam is shifted down to the shift reg- 
ister position which corresponds to that particular 
beam then the visible LED associated with that beam 
is lit by the circuit. As a result the visible LED is lit only 
when its associated beam is blocked by penetration 
w of an opaque object. 

As desired, the control system for the light cur- 
tain could include additional indicator lights, not 
shown, to provide user status and other diagnostic in- 
formation. For example, a separate control panel 
is could be provided with diagnostic light indicators 
such red for a receiver fault, red for a transmitter fault, 
red for a power supply fault and yellow for an align- 
ment problem. The control panel could also include 
status indicators such as yellow for indicating trans- 
20 mitter power levels, green to indicate a beam clear 
condition, red to indicate a beam blocked condition, 
and yellow to indicate that a channel select mode is 
active. 

The channel select mode would allow the system 
25 to operate so that the guard zone electronically ac- 
cepts objects such as tooling, fixtures or work pieces 
that are required for proper operation. The control cir- 
cuit of the invention could be suitably modified so 
that, in the channel select mode, the visible LEDs are 
30 not lit when the desired fixtures, tooling and the like 
penetrate their associated channels. This would pro- 
vide feedback information to the operator that the 
condition of the machine is proper for continued op- 
eration. In the event that the tool or fixture should slip 
35 down or otherwise move out of proper position, for ex- 
ample, then the operator can look at the receiver bar 
and see what the problem is from the change of the 
indicator lights. In other words, any change in the red 
indicator lights would mean to the operator that the 
40 machine and tooling are not in proper condition for 
continued cycling. 

The invention also contemplates that the visible 
LED indicator lights could be operated to flash rather 
than be steadily lit to indicate blockage of a beam. An- 
45 other modification that is within the scope of the in- 
vention is where the housings for the receivers or 
transmitter bars, as the case may be, are modified so 
that the indicator signals from the visible light LEDs 
pass through another bezel or a series of holes locat- 
50 ed adjacent the respective channels. Another such 
modification would be to mount a plurality of visible 
light LEDs for the indicator signals adjacent each 
channel or on opposite sides of the focusing lenses 
for each channel. This modification would increase 
55 the viewing angle so that the operator can see the in- 
dicator lights from different positions. Af urther such 
modification would be to provide a bezel having flat 
beveled edges which internally reflect or refract visi- 
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ble light from the LEDs sideways of the housing. This 
structure would be appropriate where the operator is 
standing to one side of the light curtain. 

In the method of operation of the invention, when 
an opaque object penetrates one or more beams a 5 
control signal is generated which in turn generates a 
visible light signal from the LED or LEDs 19 associ- 
ated with the blocked channels. The visible light sig- 
nal from LEDs 72 is positioned adjacent the blocked 
channel and is in view by the operator. This provides to 
continuous and positive feedback information to the 
operator as to the condition of the guarded zone. The 
appearance of one or more red lights informs the op- 
erator that the associated beams are blocked. During 
normal operation of the machine, the operator can 15 
follow the indicator lights as his hands and arms, or 
tools and work piece, move in and out of the light cur- 
tain when the machine operates through its cycle. 
The operator eventually becomes comfortable with 
this continuous feedback of information and recog- 20 
nizes from the sequence of indicator lights when the 
machine is properly operating. Should the indicator 
light conditions suddenly change, the operator is im- 
mediately alerted that the machine may be in an un- 
safe condition. Because the indicator lights follow the 25 
operator's motions through the machine, the operator 
can immediately sense when the lights go out of syn- 
chronization with those movements. In the case of 
any failure in the circuit, there is virtually no way that 
the sequence of indicator light operation will correctly 30 
follow movement of the operator's hands, tools and/or 
work piece through the light curtain. 

The invention also greatly facilitates alignment of 
the light curtain when it is either being initially instal- 
led, replaced or adjusted around the machine. With 35 
the control circuit in operation, the technician can im- 
mediately tell when the receiver PTs are not in proper 
alignment with the infrared beams from the transmit- 
ter. As the transmitter and receiver bars are adjusted, 
the technician can see the play of light visible from 40 
the indicators and easily make the required adjust- 
ments. The invention also facilitates diagnosing prob- 
lems in the light curtain system. Thus, the visible 
lights can be used to eli minate various possibilit ies as 
to whether there is a logic problem, optical problem, 45 
alignment problem or power supply problem. For ex- 
ample, if the operator's hand or other object is passed 
into the beam and the visible lights do not change, 
then it is likely a logic problem. If none of the visible 
lights are on then it is likely a power supply problem. 50 
If the visible lights are changing correctly responsive 
to penetration of the beams, but the red and green 
lights on a control panel are not changing correctly, 
then there is likely a logic problem in the circuit out- 
side the receiver bar. If the visible lights indicate that 55 
a beam is continuously blocked while the remaining 
lights operate normally, then this could indicate that 
either the PT or LED for that beam is defective. This 


condition could also indicate that there is some other 
blockage, such as from spurious material spewed 
from the machine. This information permits the tech- 
nician to assess the problem and decide what to re- 
place or repair. 


Claims 

1. A light curtain system for establishing a guard 
zone along a machine which is controlled by a hu- 
man operator, the light curtain system comprising 
the combination of light transmitter means for 
transmitting light beams along a plurality of par- 
allel channels which extend across at least a por- 
tion of the guard zone, light receiver means for re- 
ceiving and detecting the presence and absence 
of light beams at a predetermined location on a 
side of the guard zone which is opposite the light 
transmitter means, indicator light signal means 
for displaying visible light signals at signaling pos- 
itions which are adjacent respective channels 
with the signaling positions being in the opera- 
tor's range of sight, beam control means for con- 
trolling the light transmitter means to transmit 
light beams in a predetermined timed sequence 
along the channels, receiver control means for 
enabling the light receiver means to detect in syn- 
chronism with said predetermined timed se- 
quence a light beam being present or absent in a 
channel which corresponds to a light beam being 
transmitted for such channel, and indicator con- 
trol means for controlling said light signal means 
to display a visible light signal at a signaling pos- 
ition which is adjacent a channel in which the re- 
ceiver control means detects the absence of a 
light beam when the light receiver means is en- 
abled for such channel whereby the operator can 
be alerted by observing from the presence of a 
light signal that a channel is blocked. 

2. A light curtain system as in claim 1 in which said 
indicator control means comprises shift register 
means for generating a series of data bits which 
correspond to the presence or absence of light 
beams which are detected in respective chan- 
nels, said shift register means shifting said data 
bits along a series of data positions in synchron- 
ism with said timed sequence, and means for 
controlling the light signal means to display a light 
signal at a signaling position responsive to a data 
bit at a data position corresponding to a channel 
in which the light receiver means detects that a 
light beam is absent. 

3. Alight curtain system as in claim 1 in which said 
light receiver means comprises a plurality of light 
receivers, means for mounting the light receivers 
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in spaced-apart relationship along said predeter- 
mined location of the guard zone, said indicator 
light signal means comprises a plurality of indica- 
tor lamps, and means for mounting the indicator 
lamps adjacent to respective light receivers with 
the lamps emitting said visible light signals at 
substantially the location of the channel in which 
the absence of a light beam is detected by said 
light receiver means. 

4. A light curtain system as in claim 3 in which said 
light receivers each comprise a phototransistor 
together with focusing lens means for focusing a 
light beam from the channel which is associated 
therewith onto the phototransistor, and said indi- 
cator lamps for each light receivers are mounted 
adjacent to respective focusing lens means. 

5. A light curtain system as in claim 3 in which said 
means for mounting the light receivers comprises 
a housing having a window panel of a material 
transparent to the light beams and to the visible 
light said light receivers are mounted within the 
housing behind the window panel and with each 
receiver aligned with a respective light beam, 
said indicator lamps are mounted within the 
housing behind the window panel at positions 
where visible light emitted from the lamps can be 
viewed through the window panel by the opera- 
tor. 


is detected with the light signal being in view by 
the operator so that the operator can be alerted 
by observing from the presence of a light signal 
that a channel is blocked. 

5 

B. A method as in claim 7 in which the step of gen- 
erating the light signal comprises energizing a 
visible light-emitting lamp and the step of posi- 
tioning the light signal comprises holding the 
io lamp adjacent the receiver at the position there- 

on of the channel in which the absence of a light 
beam is detected. 

9. A method as in claim 7 in which the step of gen- 
}5 erating the light signal comprises energizing a 

visible light-emitting lamp and the step of posi- 
tioning the light signal comprises holding the 
lamp adjacent the transmitter at the position 
thereon of the channel in which the absence of a 
20 light beam is detected. 


25 


30 


6. A light curtain system as in claim 1 in which said 
light transmitter means comprises a plurality of 
light transmitters, means for mounting the light 
transmitters in spaced-apart relationship along 
another predetermined location of the guard 
zone, said indicator light signal means comprises 
a plurality of indicator lamps, and means for 
mounting the indicator lamps adjacent to respec- 
tive light transmitters with the lamps emitting 
said visible light signals at substantially the loca- 
tion of the channel in which the absence of a light 
beam is detected by said light receiver means. 

7. A method of controlling the operation of a light 
curtain system for use in establishing a guard 
zone along a machine which is controlled by a hu- 
man operator, the system having a transmitter 
which sequentially transmits beams of light along 
parallel channels across at least a portion of the 
guard zone to a receiver which detects the pres- 
ence or absence of light beams in the channels, 
the method comprising the steps of generating a 
control signal responsive to the detection of an 
absence of a light beam in any channel, generat- 
ing a visible light signal responsive to the control 
signal, posit ioning the visible light signal adjacent 
the channel in which the absence of a light beam 
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